Abstract
Introduction
In daily life, basic movements that require a shift in the center of gravity, such as walking, standing up, sitting down and turning, are frequently used. Physical mobility supporting these various basic movements declines with age even in healthy elderly individuals [1] . Further, the decline in mobility induces fall accidents and restricts activities of daily-life (ADL) and the quality of life (QOL). Therefore, it is important to objectively assess the functional mobility of the healthy elderly [2] .
The timed Up & Go (TUG) test developed by Podsiadlo and Richardson [3] is a representative mobility assessment test. The TUG test assesses the mobility of the frail elderly by focusing on basic mobility skills (walking, sit-to-stand, etc.) in daily life. This test can be completed with some simple tools in about 30 seconds and has high reliability. Thus, this test has been used in many previous studies. However, the TUG test is frequently used as an index for assessing dynamic balance in patients with orthopedic disorders, visceral disorders, or disorders of the central nervous system such as post-stroke hemiplegia, Parkinson's disease, knee osteoarthritis, and acute lymphatic leukemia [4] . In short, it is fairly easy for the healthy elderly to perform the TUG test, and thus their individual differences in the TUG performances may not be detected. To assess physical mobility of the healthy elderly, it may be necessary to increase the difficulty level of the TUG test.
Pavol et al. [5] reported that 53% of falls are due to tripping (false step). So, one of the main causes of falls in the elderly includes tripping. Furthermore, falls by tripping often result in serious injuries [6] [7] [8] . Tests of physical mobility for fall prevention on the basis of tripping, which involves maneuvering over an obstacle, have not been sufficiently developed. We revealed in our previous study [10] that a small box 5 cm in height, i.e. an obstacle, placed on the walkway of the TUG for the frail elderly, significantly influences the mobility performances of healthy female elderly individuals. However, the validity of the obstructed TUG (OTUG) as a fall risk assessment tool has not been sufficiently clarified. Recently, it was revealed that balance assessment using multiple tasks is more sensitive as an index of balance disorder or fall risk [11] [12] [13] [14] . By adding a task of stepping over an obstacle as a secondary task during level walking in the TUG test, it may become possible to increase the difficulty level of the TUG test and to better assess the mobility level of the healthy elderly.
This study examined the validity of the OTUG as a fall risk assessment tool for the healthy elderly's fall prevention by testing the relationship between scores of the OTUG and the fall risk chart using healthy elderly with a wide variety of physical fitness levels.
Material and Methods

Participants
Seventy-one independent community-dwelling healthy male and female elderly (age: mean = 68.6 yrs, SD = 5.8; height: mean = 153.9 cm, SD = 7.5; weight: mean = 56.9 kg, SD = 8.9) and 22 healthy male and female elderly residents of a nursing home for the elderly (age: mean = 73.9 yrs, SD = 6.2; height: mean = 150.6 cm, SD = 9.8; weight: mean = 54.1 kg, SD = 8.0) volunteered to participate in this study. All participants could walk autonomously and there was no person with a markedly inferior ability with respect to the activities of daily living (ADL). A fall risk questionnaire survey was carried out for all the participants. If there was at least one "no" response item, the participant was excluded. Valid responses were obtained from 66 community-dwelling elderly and 19 elderly residents. The participants' characteristics are shown in Table 1 . We used the Fall Assessment Chart of Suzuki [15] , which consists of 15 items relating to internal and external factors (Appendix). Each item was assessed on a dichotomous scale. Fall risk is considered to be high when a total score of 5 or higher is obtained [16, 17] . Because no sex difference was found in the TUG test score of our pilot study, pooled data of both sexes was used for further analysis. This experimental protocol was approved by the ethics committee (Kanazawa University Health & Science Ethics committee). Prior to the measurements, the purpose and procedures of this study were explained in detail to all participants.
Procedure
First, characteristics (sex, age, physiques and ADL ability) and fall risk of participants were measured. Then, the Timed Up & Go (TUG) test proposed by Podsiadlo and Richardson [3] and the obstructed TUG (OTUG) were conducted. The TUG can totally assess mobility, muscle strength and coordination of the lower limbs and trunk, balance, etc., which are necessary to achieve basic movements in daily life. The TUG was conducted in the manner indicated by Podsiadlo and Richardson [3] . In the OTUG, a box (5 cm in height; 10 cm in depth; 100 cm in width) was set on a 3 m walkway of the TUG (described later). The obstacle height was determined as 5 cm by referencing previous reports [8] [9] [10] . If the height of an obstacle is 5 cm or higher, the obstacle has a significant influence on the TUG time scores of both healthy young and healthy elderly adults [9, 10] . Each participant' trial order for both tests was randomly assigned using a table of random numbers. In addition, ADL ability was assessed by the ADL test for the elderly approved by the Ministry of Education, Culture, Sports, Science and Technology of Japan. The ADL test consisted of 12 items representing ADL ability domains of walking ability, changing and holding posture, balance, muscular strength and dexterity (manual activity). In addition, we also used the fall risk assessment chart [15] . The assessment chart is composed of 15 items with each item assessed using a dichotomous scale (yes or no).
Timed "Up & Go" (TUG) and Obstructed TUG (OTUG)
In the TUG, the participants were instructed to sit, stand up from a standard 46 cm high chair at the tester's start signal, walk 3 meters, turn the body 180 degrees, walk back to the chair, and sit down. In the OTUG, an obstacle (5 cm in height, 10 cm in depth) was placed on the midpoint of a 3 m walkway (1.5 m from the start line) and participants were instructed to safely step over the obstacle (Fig. 1) . The color of the obstacle was in high contrast (off-white) to the floor (dark brown) to ensure visibility. Each participant was instructed to perform the required motions at a comfortable and safe pace [3] . Using a stopwatch, a tester recorded the time (s) elapsed from the starting signal "Up" to when subjects sat down again. Arnadottir and Mercer [18] reported that the TUG test score (time required to accomplish the TUG) differed depending on the participants' footwear. Therefore, in this study, all participants performed the TUG and the OTUG with bare feet. To make each participant walk naturally in each test, one familiarization trial for each test condition was conducted. Actual measurements were conducted twice in each test with a 1-minute rest in between trials. A mean value of two trials was used for further statistical analysis. Further, the percentage of time required in the TUG by time required in the OTUG was calculated as a difference ratio (OTUG (s)/TUG (s) x 100) (%). 
Statistical analysis
The test-retest reliability of the TUG and the OTUG was examined by an intra-class correlation coefficient [ICC (1.1)]. To clarify the participants' characteristics (basic attribute and ADL ability) and fall risk in each age level, one-way analysis of variance (ANOVA) was used. Tukey's honestly significant difference (HSD) test was used for a multiple comparison test if the one-way ANOVA showed a significant main effect.
The relationship between the fall risk score and mobility test performances, i.e. times required to complete the TUG and the OTUG, and the difference ratio between the TUG and the OTUG, was examined by the Pearson's product-moment correlation coefficients. Further, the differences among each correlation coefficient (coefficients between fall risk and the TUG, between fall risk and the OTUG, and between fall risk and the difference ratio) were examined. A significance level was set at 0.05 in this study.
Results
The reliability of the TUG and OTUG scores was very high (ICC = 0.97, 0.95, respectively). The power analysis (post-hoc) showed sufficient power (1 -β = 0.81) under two tails of the probability density curve (α = 0.05, effect size = 0.3 (middle), sample size = 85). Table 1 shows the participants' characteristics. Significant mean differences between age groups were found in parameters other than weight. Height tended to show gradually lower values with age levels. Groups in their late 70s and 80s, i.e. the latter-stage elderly, compared to the early 60s group were significantly lower in the ADL score and higher in the fall risk. Moreover, 14 of 85 subjects (16.5%) were judged to have high fall risks by the Fall Assessment Chart of Suzuki [15] , because their total score was over five points (Fig. 2) . The breakdown of high risk subjects by age groups is: 0% of the early 60s age group (0/22 subjects), 7.7% of the late 60s age group (1/13 subjects), 18.8% of the early 70s age group (6/32 subjects), 28.6% of the late 70s age group (4/14 subjects) and 75% of the80s age group (3/4 subjects). The correlation coefficients among the fall risk and 3 parameters for mobility performance (times required in the TUG and the OTUG, and the difference ratio between both tests) were all significant (r = 0.49, 0.60, 0.46, respectively) (Figs. 3, 4 , and 5). Correlation coefficients between fall risk scores and the OTUG (r = 0.6) were significantly higher than those between fall risk scores and the TUG (r=0.49) (t=3.733, p<0.001). No significant difference was found between the other pairs of correlation coefficients. 
Discussion
In our previous study [10] , we found that adding an obstacle 5 cm in height to the TUG results improved the validity of the TUG for assessing the functional mobility of the healthy female elderly. This study was conducted to examine the validity of the above-stated obstructed TUG (OTUG) as a fall risk assessment tool for the healthy elderly. In this study, the relationship between the OTUG and fall risk in healthy elderly people with a wide variety of physical fitness levels was analyzed. Independent community-dwelling healthy elderly and healthy residents of a nursing home for the elderly were selected as participants. As shown in Table 1 , the participants' characteristics (physiques, physical fitness and ADL abilities) and fall risk showed a significant difference with age except for body weight. Of these characteristics, ADL ability and fall risk showed a tendency to be significantly inferior for participants in their late 70s and 80s compared with those in their early 60s.
First, it was confirmed that the TUG and the OTUG have very high reliabilities (ICC=0.96 -98). Regardless of the presence or absence of an obstacle, it is inferred that reliability of these tests is sufficiently high (TUG: ICC = 0.97; OTUG: ICC = 0.95) and that if an obstacle is placed on the walkway of the TUG (the obstructed TUG test: O-TUG), we exact stable values similar to those in the original TUG test. Also in the previous studies, comparable reliability coefficients (ICC = 0.92 -99) were reported [3, 19, 20] .
In Shumway-Cook's et al. [20] previous study, the relationship between the TUG and fall risk of the elderly was examined. They conducted the original TUG for community dwelling elderly people who can live an independent life and reported that sensitivity and specificity for identifying elderly individuals who are prone to falls were high from their analysis results using 15 older adults with no history of falls (mean age = 78 yrs) and 15 older adults with a history of 2 or more falls in the previous 6 months (mean age = 86.2 yrs). Therefore, the TUG test may have enough sensitivity to distinguish the fall risk level of the healthy elderly. However, unlike this study, many participants with a history of fall accidents used in Shumway-Cook's et al. [20] study were older adults with markedly decreased physical fitness, who needed assistive devices to walk safely (cane: 47%; walker: 33%). In this study, as a result of correlation analysis in independent community-dwelling healthy elderly and healthy residents of nursing homes for the elderly who did not need the abovestated assistive devices, a significant relationship was found between fall risk and the OTUG in addition to the TUG.
Furthermore, when comparing the scatter plot between the required time for the TUG and fall risk (Fig. 3) to the plot between the required time for the OTUG and fall risk (Fig. 4) , the tendency of the delay in the performance particularly for the higher risk participants was more apparent in the OTUG than in the TUG. This difference found between the plots was indicated as a significant difference between the correlation coefficients. In short, the correlation coefficient between the OTUG and fall risk scores was significantly higher than that between the TUG and fall risk scores. This may seem to be because the prolongation of the required time for the OTUG due to the obstacle in the participants with higher fall risk expanded the inter-individual differences of the data, i.e. the required time for the OTUG. This result is also explained by the fact that a significant positive relationship was found between the difference ratio and the fall risk score (Fig. 5) . As follows from Fig. 5 , the participants with low risk had equivalent scores between the TUG and the OTUG, i.e. the difference ratio was equal to about 100%. In contrast, the participants with high risk tended to have a higher value of the difference ratio greater than 100%. This expanding of the interindividual differences in the OTUG suggests that the OTUG is better suited for the fall risk assessment for the healthy elderly rather than the original TUG.
Furthermore, the present results suggest the possibility that even a small box (obstacle) 5 cm in height on a walkway could be an apparent obstructive factor against the various mobility performances in the daily life for the high-risk elderly. Although the height of the obstacle used in this study was low, the visibility was high enough for the participant to be able to see it. The elderly frequently trip over small obstacles in the daily life and fall without perceiving it. Behind this, the influence of the above-stated decline in mobility may also contribute to the fall. For the elderly with high fall risk, obstacle negotiation should be performed while keeping in mind their decreased mo-bility and the resultant need to be careful of the obstacle, even when crossing over a high visibility obstacles in daily life.
If a small obstacle 5 cm in height is placed on the walkway of the original TUG test, participants are required to step over it while supporting their entire body weight with one leg (exerting balance ability and leg strength) and to dexterously maneuver their entire body (exerting coordination ability), after selecting appropriate motor programs by having positional awareness between self and the obstacle using their visual system. Even healthy people show marked changes in the gait pattern with aging. This includes, for example, decreases in gait velocity and step length due to decreased hip and ankle range of motion, increases in double-support phase and step width, and a forward-bent posture [21] [22] [23] . Even if a task of obstacle negotiation during walking was added, it may be very easy for healthy young adults to achieve it. However, obstacle negotiation is considered to be more difficult for the elderly with diminished leg strength and unstable gait pattern and particularly with high fall risk. From this, in comparison to the TUG, the OTUG can properly discriminate high-risk people from low risk ones. That is to say, the OTUG seems to be a more valid tool as to the fall risk assessment.
In this study, the cross-sectional data was used for examining the relationship between the fall risk and the OTUG. Therefore, it considered impossible to state positively that the low-scored participants in the OTUG will actually fall in the near future. Some important issues including the development of a statistical predictive model using a longitudinal design and setting of a norm for the OTUG, etc. remain to be done.
Conclusion
In conclusion, the OTUG with a 5 cm height obstacle has a very high test-retest reliability equivalent to the TUG and has a higher relationship to fall risk than the TUG. This suggests a validity of the use of the OTUG for fall risk assessment of the healthy elderly.
